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Abstract 
The purpose of this work was to evaluate the respiratory pattern and the 
postharvest changes in umbu-caja fruit, harvested in the stages of maturity green-
yellowish and yellow-greenish. Fruits of both maturity stages were harvested early 
in the morning and separated into two groups. The first group was used for 
respiratory rate measurements. The second group was placed (≈300 g/tray) in 
polystyrene trays (15 x 20 cm2) and stored  under modified atmosphere (MA) by a 12 
μ thick PVC film, and under ambient atmosphere (AA) at 10±1°C, during 12 days. 
The experiment was carried out in a completely randomized design, in a 2 x 5 
factorial arrangement, with 3 replications. The use of MA resulted in lower mass 
loss, as compared with fruits under AA. Total vitamin C was higher and general 
appearance (1-inacepetable; 9-excelent) kept above the critical limit (score 4) during 
12 days, for fruit harvested as green-yellowish and stored under MA. Soluble solids 
increased during storage for fruits maintained under AA, independent on maturity 
stages. Modified atmosphere by PVC film enhanced shelf-life and kept the quality of 
umbu-caja, mainly for fruit harvested in the maturity stage green-yellowish. 
 
INTRODUCTION  
Fruit and products of several Spondias species are widely consumed in Brazil, 
although they are not intensively cultivated (Arkcoll, 1993). Umbu-caja fruit (Spondias 
sp.) is a small fruit that belongs to the Anacardiaceae family, Genus Spondias, which is a 
natural hybrid of umbu (Spondias tuberosa) and yellow mombin (Spondias mombin) trees 
(Leon et al., 1990). This fruit is growing in social-economical importance and in 
consumer’s acceptance in Northeastern Brazil. Umbu-caja is widely used for production 
of frozen pulps, juices and ice-creams, as well as for fresh consumption, and it can be 
found in local markets in Northeastern states of Brazil (Campbell and Sauls, 1991). 
However, in general, fruits from the Genus Spondias are mostly obtained from areas of 
natural occurring plants or its cultivation is still made in non organized orchards 
(Villachica et al., 1996), and their commercialization chain lacks postharvest technologies 
to provide final quality. Additionally, there is not much information available on 
postharvest physiology and storage behavior of these fruits. 
Fruits that undergo normal ripening after being detached from the plant are called 
climacteric fruit. On the other hand, fruit that are not capable of ripening after detachment 
from the plant are called nonclimacteric and must be harvested when fully ripe (Kays, 
1997). Thus, the establishment of the proper stage of maturity for harvesting is 
determinant for keeping quality and enhancing shelf life (Sousa et al., 1998). 
Refrigeration is the most important and generally utilized tool for fresh produce 
conservation (Beaudry et al., 1993). Modified atmosphere (MA) packaging by flexible 
films is a low-cost and practical technology that has been largely used since it may 
provide adequate O2 and CO2 concentrations at suitable temperatures, mainly when under 
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refrigeration (Kays, 1997). The use MA associated with refrigeration seems to be a 
feasible approach that effectively reduces deterioration rate, and therefore, extends 
postharvest life. 
The purpose of this work was to evaluate the respiration pattern and postharvest 
changes in umbu-caja fruit, harvested in the stages of maturity green-yellowish (mature 
green) and yellow-greenish, and stored under modified (MA) by PVC film and ambient 
atmospheres (AA) at 10±1°C, during 12 days. 
 
MATERIAL AND METHODS 
Umbu-caja fruits (Spondias sp.) were harvested during the commercial 2003 
harvesting season from an orchard in Areia, Paraíba State, Brazil, in the maturation stages 
green-yellowish and yellow-greenish. Approximately 300 g of fruit from each maturity 
stage were selected for physical and biological integrity. Following, fruit were immersed 
0.5% of sodium hypochloride for 10 minutes and let to dry in air. Fruits were placed in 
expanded polystyrene trays and packed using a 12 µm thick polyvinyl chloride (PVC) 
film for modified atmosphere generation, and kept under room (AA) and modified 
atmospheres (MA) at 10°C and 90±2% of Relative Humidity (RH). At each evaluation 
period, three replications (1 tray/rep) from each treatment were used. Rate of carbon 
dioxide production for each treatment was measured hourly in a flow-through system by 
ventilating approximately 1000 g of fruit enclosed in a 5-L glass jar with CO2-free air. 
Each hour the system was closed and the CO2 produced was collected in a 0.1 N HCl 
solution, which was afterwards titrated with a 0.1 N KOH solution, in three replications. 
Fruit firmness (Magness Taylor Firmometer), external appearance (1–9 scales), soluble 
solids (TSS), total titratable acidity (TTA) and vitamin C were evaluated. Soluble solids 
were measured on mango juice using an Atago portable digital refractometer. Titratable 
acidity was measured using NaOH 0,1 N and phenolphtalein as an indicator (AOAC, 
1984). The external appearance was accessed by a 1 to 9 scale, with: 1= unsaleble; 9= 
excellent; 4= corresponding to the acceptance limit by an average consumer. A complete 
randomized design, with three replications 1 tray/rep), was used, and arranged in a 
factorial scheme (2 x 2 x 5), with 2 atmospheres (AA and AM), 2 maturation stages 
(green-yellowish and yellow-greenish), and 5 evaluation periods, for each cultivar. Data 
were expressed as the average of four replications/treatment. Statistical analyses, 
regressions and/or LSD, were performed using SAS procedures (SAS Inst., Inc., 1988). 
Tukey’s multiple range test (P>0.05) was used to discern between treatment 
classifications when F values were significant for main effects. Unless stated otherwise, 
only results significant at P>0.05 will be discussed. 
 
RESULTS AND DISCUSSION 
It is generally accepted that endogenous ethylene production has a continuing role 
in integrating the many biochemical changes associated with ripening (Oetaker and Yang, 
1995). Umbu-caja fruit presented a typical climacteric pattern of CO2 production for both 
maturity stages evaluated (Fig. 1). The rate of carbon dioxide production and the onset of 
the respiratory peak was dependent on maturity stage The respiration rate at the 
climacteric peak of umbu-caja fruit harvested as mature green fruit  ranged from 138 mg 
CO2.kg-1.h-1, occurred 60 hours after harvested. For green-yellowish fruits the maximum 
respiration rate was 138 mg CO2.kg-1.h-1, which was reached around 38 hours after 
harvest. Umbu-caja fruit showed lower respiration rate as compared to red mombin 
(Martins, 2003), another fruit from genus Spondias. On the other hand, the respiration rate 
of yellow mombin fruit is lower (Pereira et al., 2000), than the rate found herein for 
umbu-caja. This respiration rate of umbu-caja is directly related to its low storability at 
room temperature (data not shown), and the difference in the peak rates between the two 
harvest maturity stages may mean that the ripening process was not as complete in green-
yellowish fruit as it was yellow-greenish harvested fruit. 
The use of MA resulted in lower loss in firmness, as compared with fruits under 
AA, mainly when at stage green-yellowish of maturity (Fig. 2). Total vitamin C was 
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higher and appearance (1-inacceptable; 9-excellent) kept above the critical limit (score 4) 
during 10 days, for green-yellowish fruit stored under MA and 10°C. Soluble solids 
increased during storage at room temperature, independent on maturity stages and 
atmospheres. Refrigeration combined with MA reduced the rate of increase in SS and 
kept fruit appearance acceptable, mainly for mature green fruits. The use modified 
atmosphere (MA) associated with refrigeration seems to be feasible and a low-cost 
approach, that effectively reduces deterioration rate and, therefore, extends postharvest 
life. The use of MA also maintains fruit’s nutritional value, as measured by ascorbic acid 
content.  
Firmness declined, independently on maturity stage or atmosphere during storage 
(Fig. 2). This decline, on the other hand, occurred in lower rates during the first 6 days 
storage for green-yellowish fruits kept under modified atmosphere. The increase in 
softening in many ripening fruits is associated with the action of pectic enzymes cleaving 
linkages among the cell wall components (Kays, 1997). For umbu-caja, firmness declined 
from 27.6 to around 8 N and from 21.45 to around 5 N, respectively for the maturity 
stages green yellowish and yellow-greenish, during storage at 10°C. 
For both maturity stages, soluble solids (SS) increased from 14.63 to 22.31% for 
fruit stored under room atmosphere (AA), until the day 9, followed by a decline, for 
umbu-caja harvested as green-yellowish (Fig. 3). This increase in SS during storage may 
indicate that umbu-caja, even when green-yellowish, may continue ripening, confirming 
its climacteric pattern shown in Figure 1. The pattern for SS for yellow-greenish fruits 
stored under AA was similar. In turn, for fruits under MA, TSS was maintained 
practically constant during storage, indicating that the atmosphere modification may have 
an effect in delaying the ripening processes that are related to the increase in SS, such as 
the starch breakdown (Kader, 1992).  
Levels of citric acid could give an indication of the degree of ripeness. Tritratable 
acidity (TA) tended to increase during storage (Fig. 3). The use of MA also contributed to 
the lower rates of increase in TA, suggesting that, for umbu-caja, in this work, ripening 
was retarded by modified atmosphere.  
Nutritional value of fruits has been mainly evaluated as thee content of ascorbic 
acid (vitamin C). This acid is quite unstable and thus it is an indicator of fruit freshness. 
Umbu-caja showed an average content of vitamin C at harvest of 35.3 mg.100 g-1 and 
27.3 mg.100 g-1, for green-yellowish and yellow-greenish maturity stages, respectively 
(Fig. 4). These values were superior to those reported by Lima et al. (2002). Fruit 
maintained under MA showed higher vitamin C, independent on maturity stage, 
compared to controls. Fruit harvested in maturity stage more advanced (yellow-greenish) 
presented lower vitamin C contents throughout storage.    
Umbu-caja general appearance was also affected by use of MA (Fig. 4). 
Independent on maturity stage, MA resulted in superior scores for general appearance, 
which was maintained above the critical limit of acceptance (score 4) by an average 
consumer during 12 days of storage at 10°C. Fruits harvested in the maturity stage green 
yellowish were graded with the score 5.3 at day 12, and were characterized by the full 
yellow-orangish color development, typical color of full ripen umbu-caja (Lima et al., 
2002). These data indicate an extension of fruit shelf-life, under these conditions, of at 
least two days for umbu-caja for both maturity stages, maintained under modified 
atmosphere by PVC film compared to controls. Following 12 days storage of fruit 
harvested with skin color green yellowish kept under MA was turgid, ripen evenly, and 
free from diseases or physiological disorders. The use of modified atmosphere also 
enhanced the storage life and kept the quality of red mombin fruit maintained at 10°C 
(Sousa et al., 2000).   
Mass loss during storage of umbu-caja due to transpiration were compared (Fig. 
5). Fruits stored under ambient atmosphere (AA) exhibited higher mass losses than any 
maturity stage maintained under modified atmosphere (MA), and this was more evident 
as storage continued. Between maturity stages kept under MA, mass loss was lower 
(P<0.05) for fruit harvested as yellow-greenish. Thus, MA had an effect on CO2 and O2 
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exchange as well as water vapor exchange (Beaudry et al., 1993). Reducing the rate of 
postharvest mass loss is a major benefit of modified atmosphere by flexible film, such as 
in here with PVC. The retention of moisture prolongs the onset of visible symptoms of 
senescence, such as shriveling, wilting, aging, or pulp softening; and aids the retention of 
fresh appearance, as found herein. 
In summary, umbu-cajá presented a respiratory pattern typical of climacteric fruit. 
Modified atmosphere by PVC film reduced mass loss, retarded softening, reduced the 
decline in total soluble solids and vitamin C, and kept fruit appearance acceptable, mainly 
for fruit harvested at the maturity stage green-yellowish, stored at 10°C. 
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Fig. 1. CO2 Production of  umbu-caja in the maturity stages Green-yellowish (Mature 
Green) and Green-yellowish, measured at room temperature (24±1°C), (Areia-PB, 
Brazil, 2003). 
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Fig. 2. Fruit Firmness of umbu-caja fruit harvested in the maturity stages green-yellowish 
(II) and yellow-greenish (III), and stored under modified (MA) and ambient 
atmospheres (AA), at 10°C (Areia-PB, Brazil, 2003). 
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Fig. 3. Total soluble solids and titratable acidity of umbu-caja fruit harvested in the 
maturity stages green-yellowish (II) and yellow-greenish (III), and stored under 
modified (MA) and ambient atmospheres (AA), at 10°C (Areia-PB, Brazil, 2003). 
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Fig. 4. Total vitamin C and general appearance of umbu-caja fruit  harvested in the 
maturity stages green yellowish (II) and yellow-greenish (III), and stored under 
modified (MA) and ambient atmospheres (AA), at 10°C (Areia-PB, Brazil, 2003). 
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Fig. 5. Mass loss of umbu-caja fruit  harvested in the maturity stages green-yellowish (II) 
and yellow-greenish (III), and stored under modified (MA) and ambient 
atmospheres (AA), at 10°C (Areia-PB, Brazil, 2003). 
 
 
